A Gram-stain-negative, aerobic, yellow-pigmented, non-flagellated, non-gliding, rod-like, oxidase-and catalase-positive bacterium, designated A2-1 T , was isolated from soil on Ardley Island, South Shetland Islands, Antarctica. Strain A2-1 T grew at 4-22 C (optimum, 10 C), at pH 6.0-8.0 (optimum, pH 6.5) and with 0-1.5 % NaCl (optimum, 0.5 %), but could not produce flexirubin-type pigments. 16S rRNA gene sequence analysis showed that the isolates belonged to the genus Flavobacterium. C for most cold-living species. Menaquinone MK-6 is the only or predominant respiratory quinone. C 15 : 0 , C 15 : 0 iso, C 15 : 0 iso 3-OH, C 15 : 0 anteiso, C 15 : 1 !6c, C 15 : 1 iso G, C 16 : 0 iso 3-OH, and C 17 : 0 iso 3-OH, as well as C 15 : 0 iso 2-OH and/or C 16 : 1 !7c and/or C 16 : 1 !7t are predominant cellular fatty acids [31] . In the present study, we describe a novel bacterial strain, designated A2-1 T , which was isolated from Antarctic soil.
The genus Flavobacterium, belonging to the family Flavobacteriaceae, phylum Bacteroidetes, was originally proposed by Bergy et al. [1] and currently contains 141 type species, which were isolated from various environments such as soils [2] [3] [4] [5] [6] [7] [8] , Antarctic habitats [9] [10] [11] [12] [13] [14] [15] [16] , sediments [17] [18] [19] [20] [21] [22] and fresh water [23] [24] [25] [26] [27] [28] [29] [30] . The genus consists of Gram-stain-negative, aerobic, rod-shaped, and yellow-pigmented bacteria that usually have gliding motility and DNA G+C content of 30-42 mol%. The genus is chemoorganotrophic, usually positive for catalase and oxidase. The optimum growth temperature range is [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] C for most temperate species and [15] [16] [17] [18] [19] [20] C for most cold-living species. Menaquinone MK-6 is the only or predominant respiratory quinone. C 15 : 0 , C 15 : 0 iso, C 15 : 0 iso 3-OH, C 15 : 0 anteiso, C 15 : 1 !6c, C 15 : 1 iso G, C 16 : 0 iso 3-OH, and C 17 : 0 iso 3-OH, as well as C 15 : 0 iso 2-OH and/or C 16 : 1 !7c and/or C 16 : 1 !7t are predominant cellular fatty acids [31] . In the present study, we describe a novel bacterial strain, designated A2-1 T , which was isolated from Antarctic soil. The 16S rRNA gene of strain A2-1 T was amplified by PCR using primers 27F/1492R [32] and the obtained fragment was sequenced. Phylogenetic neighbours were searched and pairwise 16S rRNA gene sequence similarity was calculated using the EzBioCloud server [33] . Phylogenetic trees were generated by MEGA version 7 [34] using neighbour-joining [35] and minimum-evolution [36] methods. Evolutionary distance was computed with the Kimura two-parameter method [37] . The topologies of the phylogenetic trees were evaluated by bootstrap test based on 1000 replications [38] .
Colony morphology was observed and cells of strain A2-1 T were collected for morphological observations after cultivation on R2A agar for 4 days at 10 C. Cell morphology was examined by scanning electron microscope (JEOL 7500F). Gram reaction was performed using the non-staining method [39] . The presence of flexirubin-type pigment was examined using 20 % KOH (w/v) and the gliding motility test was examined using the hanging drop technique as previously described by Bernardet et al. [40] . Oxidase activity was examined using Merck oxidase test strips, and catalase activity was determined by observing the bubble formation in 3 % (v/v) H 2 O 2 . The growth temperature range and optimal temperature were measured in R2A medium at 4-40 C (4, 10, 15, 20, 25, 30, 35, 37 and 40 C) . The growth pH range and optimal pH were measured in R2A medium at intervals of 0.5 pH unit from 5.0 to 10.0 buffered with 50 mM MES (pH 5.0-6.5), 50 mM MOPS (pH 6.5-7.5), 50 mM Tris (pH 7.5-9.0) and 50 mM CHES (pH 9.0-10.0), respectively. Tolerance to salinity was tested in R2A broth supplemented with 0-5.0 % NaCl (w/v) at 0.5 % intervals. Hydrolysis of casein (0.5 %, w/v), elastin (0.3 %, w/v), starch (1 %, w/v), Tweens 60 and 80 (1 %, v/v) was determined on R2A agar containing the corresponding substrate at 10 C as described previously [41] . Anaerobic growth was examined for 10 days on R2A agar respectively supplemented with electron acceptors/donors (potassium nitrate, sodium nitrite, ferric citrate, sodium thiosulphate, fumaric acid, sodium sulfite, glycine, dimethyl sulfoxide and ferric phosphate, each 0.1 %, w/v) in an anaerobic jar [containing Anaerocult A (Merck) to produce anaerobic conditions]. Antibiotic susceptibility test was performed using the discdiffusion method on R2A agar and the growth inhibition zones were observed after 4 days incubation at 10 C. Acid production from carbohydrates, enzyme activities and additional biochemical characteristics were tested using API 50CH, API ZYM and API 20NE strips (bioM erieux), while oxidation of substrates was evaluated using the GENIII
Flavobacterium collinsense 4-T-2 T (KM288594)
Flavobacterium algicola TC2 T (AB455265)
Flavobacterium faecale WV33 T (KF214259)
Flavobacterium limicola ST-82 T (AB075230)
Flavobacterium frigoris LMG 21922 T (AJ557887)
Flavobacterium weaverense AT1042 T (AY581114)
Flavobacterium segetis AT1048 T (AY581115)
Flavobacterium tegetincola DSM 22377 T (AUDN01000041)
Flavobacterium antarcticum DSM19726 T (FM163401)

Flavobacterium aquatile LMG 4008 T (JRHH01000003)
Flavobacterium buctense T7 T (KP744923)
Flavobacterium koreense KACC 14969 T (GU295967)
Flavobacterium ardleyense A2-1 T (KX911209)
Flavobacterium cucumis KACC 11732 T (EF126993)
Flavobacterium cheniae NJ-26 T (EF407880)
Flavobacterium lacus NP180 T (KC969641)
Flavobacterium gelidilacus LMG 21477 T (AJ440996)
Flavobacterium ponti GSW-R14 T (GQ370387) MicroPlate system (Biolog), both following the manufacturer's instructions. The reference strains were tested at their optimum temperatures, respectively. Polar lipids were extracted according to Komagata and Suzuki [42] and analysed using two-dimensional TLC with appropriate spraying reagents including: ethanolic molybdophosphoric acid (total lipids), ninhydrin (aminolipids) and Zinzadze reagent (phospholipids). Quinones were extracted as in Komagata and Suzuki [42] and further identified using an LC-MS system consisting of a Dionex Ultimate 3000 HPLC coupled to a Bruker Impact HD mass spectrometer. For cellular fatty acid analysis, strain A2-1 T and its reference strains, F. koreense KACC14969 T and F. cucumis KACC11732 T , were cultivated in R2A broth at 10 C for 4 days. Cellular fatty acid methyl esters were obtained by saponification, methylation, extraction and further analysed by an Agilent 6890 N gas chromatograph and identified using the Sherlock Microbial Identification System (MIDI) (version 4.5 and the TSBA40 database) at Shanghai Public Health Clinical Centre, PR China. Cell biomass for the analysis was harvested after cultivation in R2A broth at 10 C for 4 days. The genomic DNA G+C content was determined by thermal denaturation using genomic DNA of Escherichia coli K-12 as a control [43] .
The almost complete 16S rRNA gene sequence (1480 nucleotides) of strain A2-1 T was obtained. Comparisons of the sequence via EzBioCloud server showed that strain A2-1 T was most closely related to F. cucumis [44] with similarities of 95.7 %, followed by F. ahnfeltiae [45] with 95.6 % and F. cheniae [22] with 95.4 %. In the neighbour-joining phylogenetic tree (Fig. 1) , the strain A2-1 T consisted of a clade with F. cucumis and F. cheniae within the genus Flavobacterium and simultaneously formed a distinct phyletic lineage (Fig. 1) . The same general topology was found in 
Reactions/enzymes (API 20NE) the minimum-evolution, maximum-likelihood and maximum-parsimony phylogenetic trees (Figs S1, S2 and S3, available in the online Supplementary Material).
Cells of strain A2-1 T were Gram-stain-negative, aerobic, non-flagellated rods (Fig. S4) . Susceptible to rifampicin (5 µg), ampicillin (10 µg), polymyxin B (300 U), neomycin (30 µg), chloramphenicol (30 µg), cefotaxime (30 µg), nitrofurantoin (300 µg) and carbenicillin (100 µg). The DNA G+C content of strain A2-1 T was 34.0 mol%, within the range of 30-42 mol% reported in the genus Flavobacterium [31] . Strain A2-1 T differed from closely related species of the genus Flavobacterium in a variety of phenotypic features, such as temperature range for growth, degradation of elastin and casein, enzyme activities (showed by API ZYM) and genomic DNA G+C content, as shown in Table 2 T are listed in Table 1 .
Polar lipids of strain A2-1 T included phosphatidylethanolamine (PE), four unidentified aminolipids and one unidentified lipid (Fig. S5) while F. cheniae NJ-26 T , F. koreense KACC14969 T and F. cucumis KACC11732 T included more kinds of unidentified lipids. The only respiratory quinone of strain A2-1 T was menaquinone MK-6, typical in members of the family Flavobacteriaceae [40] . The major cellular fatty acids (>5 %) of strain A2-1 T were anteiso-C 15 : 0 (20.2 %), iso-C 15 : 0 (16.2 %), C 15 : 1 G (11.0 %), iso-C 16 : 1 h (6.3 %), iso-C 15 : 0 3-OH (5.9 %) and summed feature 3 (6.5 %, combinations of fatty acids that cannot be separated by the MIDI system including iso-C 15 : 0 2-OH and/or C 16 : 1 !7c), which differ greatly from F. cheniae NJ-26 T , F. koreense KACC14969 T and F. cucumis KACC11732 T (see Table 2 ).
Based on the phenotypic and phylogenetic analysis, strain A2-1 T represents a novel species within the genus Flavobacterium, for which the name Flavobacterium ardleyense sp. nov. is proposed. 
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